high efficacy as a free radical scavenger and indirect antioxidant (Tan et al., 2002) .
Additionally, melatonin stimulates the activities of enzymes that metabolize reactive species (Reiter et aI., 2000) and maintains cell membrane fluidity at an optimal level (Garcia et al., 1998) . Melatonin was found to decrease with aging (Lee et aI., 2002) . Reiter et al. (1999) reported that aging in the pineal-intact animals was associated with increased levels of lipid peroxidation (in the lung, kidney and skin). togethcr with rises in an oxidatively damaged DNA (in liver, kidney and pancreas), and in the levels of protein carbonyls (in the liver). Likewise, advanced age was associated with a significant decrease in membrane fluidity of hepatic rnicrosomcs in pineal-intact rats. For all of these parameters and in a number of organs, pinealectomy caused further increase in the indices of oxidative damage.
The aim of this work was to investigate the ultrastructural alterations in somatotroph cells that result from melatonin deficiency in aged (Pineal-intact) rats and to test whether further induced reduction of melatonin by pinealectomy augment these alterations, trying to detect the role of mclaronin in the aging process.
MATERIALS AND METHODS

Animals and experimental design:
The study was performed Oil 33 male SpragueDawl ey rats. Initially. 25 rats were purchased when they were 2 months of age 15 of which were surgically pinealectomized {according to Kuszak and Rodin's (1977)} and 10 of which were sham operated. The animals were kept in a room with a temperature of 22· 24°C and regulated light cycle: 12 hours of light: 12 hours of dark (LD 12 ; 12, light from 6 run to 6 pm). Rats were given free access to standard laboratory chow and tap water.
When the rats were 20 months of age, the surviving rats (aged pinealectomize d and aged pineal-intact) were killed by decapitation. In addition to the old rats, 8
Sprague-Dawl ey rats were 2 months of age were killed for comparison.
Electron microscopy:
The pituitary glands from all animals of the three groups (adult, aged and agedpinealectornize d) were processed for ultrastructural examination. The anterior lobe were dissected and fixed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer.
The material was cut into small pieces, post fixed in 1% osmium tctraoxide and embedded in araldite. Semithin sections (about 0.2 urn) were stained with toluidine blue. inspected by light microscopy and some fields were photographed. Selected -38~ fields were chosen for ultrathin sections were mounted and stained with uranyl acetate and lead citrate and examined in JEM-RM 1010 Wx transmission electron microscope. Some of the examined fields were photographed.
RESULTS
Group I (Adult rats) :
In the sernithin sections, the cells of pars distalis appeared as loose cords surrounded by rich network of large capillaries. Somatotrophs were demonstrated scattered among the other cells. They were generally rounded or oval. Their nuclei were rounded euchromaic with prominent nucleoli. The secretory granules were numerous, spherical and scattered through the cell ( Fig. 1 -A) .
In the ultrathin sections, three varieties of somatotrophs were observed. The first type of cells (type 1) was the commonest one. The cells were rounded or polygonal with large rounded euchromatic nucleus nearly occupying the center of the cell. The most prominent feature was the presence of numerous parallel cisternae of RER surrounding the nucleus. Immature vesicles were frequently seen adjacent to these cisternae. The Golgi complex was moderate in size and present on one side of the nucleus. The secretory granules were electron dense rounded and their sizes were nearly equal ( Fig. 1 -B) .
The second frequent type of cells (type II) was ovoid or rounded with a more electron dense cytoplasm compared to the previous one. The nucleus was rounded euchromatic and eccentric in position. A well-developed Golgi complex occupied a zone ncar the nucleus. The RER consisted of long Ilattencd sacs, scattered throughout the cytoplasm. Round or oval mitochondria, occasionallysosomes and numerous free ribosomes could also be observed. The secretory granules were electron dense, rounded and variable in size ( Fig. I -C) . The third type of sornatotrophs (type Ill) was the least frequently seen. They were oval cells with more electron dense cytoplasm as compared to the previous two types. T~~nucleus was heterochromatic with irregular outlines and is eccentric in position. The Goigi complex was very large with moderately dilated sacules occupying a large area of the cytoplasm on one side of the nucleus. The RER cisternae were moderately dilated and scattered throughout the cytoplasm up to the peri.
phery of the cell. The secretory granules were electron dense, rounded and variable in size but the majority of them were small ( Fig. J -D ).
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Group II (Aged rats) :
In the sernithin sections, some sornatotrophs appeared large in size while others were shrunken. The nuclei of most cells were dense and irregular. The cytoplasm appeared vacuolated ( Fig. 2 -A ).
In the ultrathin sections, type r cells appeared shrunken and most of the mitochondria were seen with destructed cristae. Some secretory granules were seen large, pleomorphic and less electron dense than the normal secretory granules ( Fig. 2 -B).
The second type of cells appeared shrunken with heterochrommi c nuclei having slightly irregular outlines, The nuclear envelope and RER cisternae appeared dilated.
The Goigi saculcs were mildly dilated and some mitochondria with destructed cristae could be observed. The secretory granules were relatively scanty ( Fig. 2 -C ).
The third type of somatotrophs appeared hypertrophied and it is the most type.
which displayed prominent atrophic changes. The nuclei were very dense with greatly irregular outlines. The RER were severely dilated. The mitochondria appeared swollen with destructed cristae. The secretory granules were oucvcrowdcd with altered electron density ( Fig. 2 -D ).
Grup III (Aged pinealectmize d rats) :
In the semithin sections, the capillaries were dilated and engorged with blood. The intercellular spaces were more pronounced and dilated. Most of the somatotrophs were seen with dense irregular nuclei and the cytoplasm showed many vacuoles ( Fig. 3 -A) .
In the ultrathin sections. the ulrrastructural atrophic changes detected in the somatotrophs were increased in both frequency and intensity after pinealectomy. The most conspicuous characteristics were the shrunken of the cells and the dense electron cytoplasm (Fig. 3 • B) . No different varieties of cells could be detected. AU the cells displayed the same atrophic changes. The nuclei were seen very dense with very irregular outlines. The RER cisternae, the nuclear envelope and the Golgi sacules were markedly dilated ( Fig. 3 -C) . .jl In the present study, the adult rat sornatotrophs showed morphologically different three populations. Also, this explains the early decline in GH release that starts to occur in early adult life (Liberman and Hoffman, 1997).
The previous ultrastructural studies of somatotrophs had ignored the hcterogenecity of their populations. Using immunocytochemical study. Takahashi (1991) classified somatotrophs on the basis of the size of the secretory granules. He report- In the current study, type II cells showed atrophic changes in aged animals.
These cells became small in size with heterochromatic nuclei with irregular outlines.
-47 -
The RER and Glogi were dilated and the mitochondria showed destructed cristae.
Type III cells were demonstrated with marked degenerative changes. The nuclei were greatly electron dense and irregular. The Golgi sacules and RER cisternae appeared severely dilated. These cells were observed to be large in size, a finding indicate cell hypertrophy, probably as a compensation for the pronounced histological destructions in these cells.
Although quantitative immunohistochemical studies have been reported for the somatotrophs of old rats (Rossi et at, 1991; Takahashi, 1992) , few attempts have been made to estimate the progressive ultrastructural changes that occur in these cells along with the aging in general and after pinealectomy in particular. The demonstrated atrophic changes will be reflected on the decreased secretory capacity of the somatotrophs in aged rats. In mammals, it was found that aging is associated with a decrease in GH and this thought to be responsible for most of the agedeterioration of several tissue and organ functions (Ceda et al., 1986) . The agerelated OH-deficiency state was termed as somatopause (Martin et aI., 1997).
The previous reports tried to hypothesize the age-related decline of GH secretion. Morimoto et at (1988) and Colonna et al, (1989) reported that the decline of GH secretion was due to the decrease in GHRH and its gene expression in the hypothalamus. Ceda and co-workers (1986) claimed that this occurs due to the decrease of responsiveness of somatotrophs to the GHRH. Also, it was found that somatostatin increase gradually with age in rats (Ge et at, 1989 ; Veldhuls et at, 1997). In addition to these explanations about the age-related disturbance in the hypothalamicpituitary axis, the reduction in GH secretion that was observed previously may be attributed to' the intrinsic atrophic lesions in the somatotrophs that were demonstrated in the current study.
The demonstrated degenerative atrophic changes in aged animals were more pronounced after pinealcctomy both in frequency and intensity. The populations of the somatotrophs could not be determined. All the cells showed Severe atrophic changes. In male rats, Ostrowsku and co-workers (2001) reported marked reduction in GH level after pincalectomy, which indicate that the pineal gland has an inIluence on OR-secretory cells.
The somatotroph atrophic changes that start in adult, increase in senescent rats, coinciding with the gradual decrease in melatonin secretion during aging (Lee et al., 2002) . Accordingly, the morphological and ultrastructural changes of somarorrophs in the current investigation may give a hypothesis for the reduction of GR level in both aged and aged pinealcclornized animals. The augmentation of these changes -48 -after pinealcctomy suggesls that melatonin is responsible for at least great degree for these atrophic changes. Whether, melatonin only or other pineal hormones participates in generating these changes need" further investigations.
SUMMARY
The relationship between growth hormone producing cells in the pars distalis of the pituitary gland (somatotrophs) and the pineal gland function in rats is nearly not elucidated, particularly in the aspect of melatonin participation. The current study tested whether the life-long reduction of endogenous melatonin levels due to pinealcctomy would.influence the morphological and the ultra structural changes of so- the idea that the severe cytological changes after pinealectomy were due to reduction in melatonin since it functions as free radical scavenger and antioxidant. On the other hand, other pineal secretory products that were reduced as a consequence of pineal removal may have also been responsible for some of the observed changes, but this will need further studies.
